Model-based elastography is fraught with problems owing to the ill-posed nature of the inverse elasticity problem. To overcome this limitation, we have recently developed a novel inversion scheme that incorporates a priori information concerning the mechanical properties of the underlying tissue structures, and the variance incurred during displacement estimation in the modulus image reconstruction process; information that was procured by employing standard strain imaging methodology, and introduced in the reconstruction process through the generalized Tikhonov approach. In this paper, we report the results of experiments conducted on gelatin phantoms to evaluate the performance of modulus elastograms computed with additional a priori information relative to those computed by employing the un-weighted least-squares estimation criterion, the weighted least-squares estimation criterion and the standard Tikhonov method (i.e., the generalized Tikhonov method with no modulus prior). The results indicate that modulus elastograms computed with additional a priori information had superior elastographic contrast discrimination and contrast recovery. In addition, image reconstruction was more resilient to structural decorrelation noise when additional constraints were imposed on the reconstruction process.
Introduction
Quasi-static elastography (Céspedes et al 1995 , Odonnell et al 1993 , Ophir et al 1991 has made an immense impact on diagnostic ultrasonic imaging since its inception a decade ago;
showing great promise in vascular imaging (Brusseau et al 2001 , de Korte et al 2002 , Doyley et al 2001 , guiding minimally invasive therapeutic techniques , Varghese et al 2003 , and improving the differential diagnosis of breast and prostate cancer (Céspedes 1993 , Garra et al 1997 , Hiltawsky et al 2001 , Souchon et al 2003 . This elastographic imaging approach depicts tissue elasticity by producing images of externally or internally induced ultrasonically measured internal tissue strains-information that none of the established medical imaging modalities can provide. In general, the elastographic image formation process consists of four steps; first, an ultrasonic radiofrequency (RF) echo frame is acquired from the tissue or phantom under investigation; second, a small motion is induced within the tissue by employing either an external or internal quasi-static mechanical source; third, a second ultrasonic RF echo frame is acquired; fourth, the spatial variation of the ensuing internal tissue strains are estimated by performing cross-correlation analysis on the acquired RF echo frames. The strength of quasi-static elastography resides in its simplicity and robustness, but mechanical artefacts and incomplete contrast recovery can impede clinical utility-a consequence of interpreting strain images as relative stiffness images (i.e. modulus elastograms) by assuming stress uniformity-a conjecture that is applicable only for very special cases .
The primary goal of this work is to explore the feasibility of developing quasi-static elastography within the framework of solving inverse problems, an approach that holds great promise for improving the elastographic contrast-discrimination (i.e., reducing mechanical artefacts), and contrast recovery. Several direct (Oliphant et al 2001 , Raghavan and Yagle 1994 , Romano et al 2004 , Skovoroda and Aglyamov 1995 , Sumi et al 1995 and iterative (Doyley et al 2000 , Kallel and Bertrand 1996 , Oberai et al 2003 ) inversion schemes have been proposed for solving the discrete inverse elasticity problem. Though encouraging phantom and simulation results have been reported, this approach to elastographic imaging is fraught with numerous problems because the inverse elasticity problem is ill-posed in the original sense of Hardamar (1952) . More specifically, the solution of the inverse problem is typically non-unique (Barbone and Bamber 2002) , and displacement measurement noise often leads to erroneous results-this has undoubtedly been a major hindrance in the clinical deployment of model-based quasi-static elastography (i.e., solving the inverse elasticity problem). Structural decorrelation is the most dominant noise source incurred in ultrasonic elastography. Decorrelation occurs when the signature of the post-deformed RF echo signal is corrupted relative to the pre-deformed echo signal in response to the three-dimensional displacement of the underlying tissue structures when the tissue under investigation is deformed, thus reducing the accuracy and precision of ultrasonically measured internal strains and displacements.
Iterative inversion schemes are in general less sensitive to measurement noise than direct inverse schemes since they do not require data differentiation-an operation that is known to amplify measurement noise. However, the standard least-squares method-the most popular estimation criterion employed in iterative inversion schemes, do not adequately address issues related to ill-posedness or displacement outliers, thus the quality of the ensuing modulus elastograms are characteristically sub-optimal.
In this paper, we hypothesize that including additional a priori information (i.e., information regarding the mechanical properties of the underlying tissues structures procured by employing standard strain estimation methodology) in the image reconstruction process will render the inverse problem a well-posed problem. A second related hypothesis is that weighting the image reconstruction process residually based on a priori information concerning the displacement measurement uncertainty (i.e., information that can be obtained by employing a modified strain filter) will negate undesirable effects of displacement outliers.
To corroborate this hypothesis, a phantom study was conducted to evaluate the performance (i.e., assess the effect of lesion size and decorrelation noise) of modulus elastograms computed by employing four estimation criteria: the un-weighted least-squares estimation (UWLSE) criterion, a weighted least-squares estimation (WLSE) criterion, the standard Tikhonov (TK) estimation criterion and the generalized Tikhonov (GTK) estimation criterion.
Methods

Inversion schemes
2.1.1. The least-squares estimation criterion. Inverse problems can be formulated as a parameter optimization problem, where the goal is to minimize the difference between the measured observations, and those computed by employing a model description in which the intrinsic tissue properties are parameterized as a set of unknown coefficients representing the observation. In model-based elastography, the standard least-squares estimation criterion, , that is typically employed has the general form
where U m and U(E) represent the ultrasonically measured and computed n × 1 vector of the axial component of displacement, respectively; E is the m × 1 vector of Young's modulus values and W is the n × n weighting matrix. (Note that bold face font is used for vectors and matrices.)
Minimizing equation (1) with respect to Young's modulus E is a nonlinear process that can be realized through an iterative solution for E, based upon an initial estimate of the Young's modulus distribution. The resulting matrix solution at the (k + 1) iteration has the Marquardt (Marquardt 1963 ) form
where E k is the 1 × n vector of the 2D Young's modulus values estimated at the preceding iteration, I is an identity matrix, J(E k ) is the n × m Jacobian or sensitivity matrix, and λ k is a positive number that is employed to improve the condition of the Hessian matrix (i.e., J T (E k )WJ(E k )) before inversion. To suppress local fluctuation in the reconstructed parameters, spatial filtering was applied to updated modulus values as follows (Doyley et al 2000) E
where the superscripts 'old' and 'new' represent the unfiltered and filtered Young's modulus values, respectively. The filtering weight θ is chosen such that 0 θ 1 and N is the number of neighbouring positions that are averaged (i.e. the spatial range of the filter). This spatial filtering technique is analogous to the forward difference regularization method (Press et al 1988 , Semenov et al 1996 .
Choice of weighting matrix.
The optimal choice for the weighting matrix is W = C −1 , where C is the covariance matrix of residuals that satisfies the Cramér-Rao lower bound. The dimension of the covariance matrix is typically very large, and therefore in this study the off-diagonal elements of W were assumed to be zero. Two choices of the weighting matrix were considered in this study. First, we employed the un-weighted least-squares estimation criterion (UWLSE). More specifically the weighting matrix was equivalent to the identity matrix i.e., W = I. The disadvantage of this estimation criterion is that it implicitly assumes that the displacement residual i.e., the difference between the measured and computed axial components of displacement has a Gaussian distribution with zero mean and constant variance σ 2 -an assumption that does not hold for ultrasonic elastography, as illustrated in figure 1. The points of the normal quantile-quantile (Q-Q) plot of residual will lie on a straight line when the residual is normally distributed; however, it is apparent from figure 1 that this is clearly not the case. Second, we employed the weighted least-squares estimation (WLSE) criterion i.e., the diagonally dominate weighting matrix was constructed by employing a priori information regarding the variance incurred during displacement estimation-information that was obtained by employing a modified strain filter (Varghese and Ophir 1997) .
Tikhonov estimation criterion.
The ill-posed nature of the inverse problem may restrict clinical utility of model-based elastography, as previously discussed-a phenomenon that neither the un-weighted least-squares (ULSE) nor the weighted least-squares (WLSE) estimation criteria are suitably equipped to deal with. Both estimation criteria explicitly assume that the inverse problem is a well-posed problem. To address this shortcoming, large values of the reconstructed parameters, E, were penalized by employing the generalized Tikhonov (GTK) estimation criterion that has the general form
where ρ is the Tikhonov regularization parameter, and E 0 is the modulus prior (i.e., a priori information regarding the intrinsic tissue mechanical property). Note that unlike λ k that is employed in equation (2), ρ does not change during the minimization of the Tikhonov estimation criterion, but the optimum choice of this variable is crucial for successful image reconstruction, as illustrated in figure 2. Minimizing equation (4) with respect to E yields
Note that in the cases where there is no prior information regarding the mechanical property of the underlying tissue (i.e., E 0 = 0)-an assumption that is made when image reconstruction is performed using the standard Tikhonov (TK) estimation criterion, the resulting matrix solution at the iteration (k + 1) has the form
Phantom studies
The goal of this investigation was twofold. First, to determine the effects of focal lesions with sizes ranging from 2 mm to 20 mm in diameter on the performance of modulus elastograms computed by employing four estimation criteria: UWLSE, WLSE, TK and GTK. Second, to corroborate the hypothesis that including additional a priori information (i.e., information concerning the mechanical properties of the underling tissue structures and the displacement measurement uncertainty) in the image reconstruction process will bolster the performance of model-based elastography. Three performance metrics were employed in this study: contrast discrimination, contrast transfer efficiency and spatial resolution. Contrast discrimination (Hill et al 1990) or the contrast-to-noise ratio (CNR e ) performance metric, as is often called, is defined in elastography (Bilgen 1997) as
where γ L and γ B represent Young's modulus in the inclusion and background tissues, respectively; and σ 2 L and σ 2 B represent the variance in the respective mechanical properties. Contrast-transfer efficiency (CTE e ), that deals with issue of contrast recovery, was defined on a logarithmic scale as follows (Ponnekanti et al 1996) 
where C o and C t represent the observed and actual modulus contrast, respectively. Here, η = 0 indicates that modulus contrast is completely recovered (i.e. 100% elasticity contrast transfer efficiency), and η < 0 represents an incomplete contrast recovery. The actual modulus contrast was determined from independent modulus images obtained by employing a direct mechanical indentation measurement technique (Srinivasan 2003 , Srinivasan et al 2004 . Spatial resolution was evaluated via the calculation of the modulation transfer function (MTF)-an established method for estimating the spatial resolution of medical imaging system that was recently extended to elastography (Alam et al 1998 , Liu et al 2004 . Spatial resolution was computed in this study by employing a three-step approach (Padgett and Korte 2004) ; first, the edge spread function was computed by averaging the pixel values across the backgroundinclusion interface (i.e., the edge); second, the line spread function (LSF) was computed by differentiating the edge spread function; third, the MTF was determined by computing the Fourier transform of the LSF and normalizing the resulting function to zero spatial frequency. The normalized MTF is given by
where (k) is the Fourier transform of the LSF, and (0) is the value of the MTF at zero spatial frequency.
Phantom fabrication.
Four elastically inhomogeneous cubic phantoms (100 mm 3 ) were manufactured from gelatin-agar suspensions consisting of 5% by weight porcine skin gelatin (225 Bloom, Kind & Knox, Inc., Sioux City, IA), de-ionized water (18 M ), polystyrene granules (∼100 µm mean diameter), 2% by weight Agar (Sigma Chemical Co, St Louis, MO) and 0.5% by weight EDTA. Each phantom contained one single cylindrical inclusion with diameters of 2 mm, 5 mm, 10 mm and 20 mm. All inclusions were manufactured by filling the pores of open cell sponge cylinders (100 pores inch −2 ; Anatomic Concepts, Corona, CA, USA) with a gelatin-agar suspension (5% by weight gelatin, 2% by weight Agar and 0.5% by weight EDTA) as described in Srinivasan (2003) .
Elastographic data acquisition.
Elastographic imaging was performed using the laboratory system described in Srinivasan et al (2002) that consists of a modified Philips HDI-1000 commercial ultrasound scanner (ATL Phillips Inc., Bothell, WA) that was equipped with a 128-element linear transducer array (5 MHz nominal frequency and 60% fractional bandwidth), and a computer-controlled mechanical deformation system. The phantom under investigation was inserted between two large compression plates. To ensure proper contact, all phantoms were pre-strained by 1% before the upper compression plate was displaced by 1 mm (i.e., the phantom was deformed by a total strain of 2%). A second experiment was also conducted using applied strains of 1.25%, 1.5%, 3% and 4%; however in this experiment, imaging was limited to one phantom (i.e., the phantom containing a single 20 mm diameter cylindrical inclusion). The upper and lower surfaces of all phantoms were thoroughly lubricated with corn oil prior to imaging-a practice that is typically recommended to improve stress uniformity .
Strain and displacement estimation.
Axial displacements were estimated by performing one-dimensional cross-correlation analysis on the pre-and post-deformed RF echo frames (Céspedes 1993 , Ophir et al 1991 , Varghese et al 1996 . All echo processing was performed using T = 3 mm (window length) and T = 0.6 mm (80% window overlap). Spurious displacement estimates (i.e. regions corresponding to an elastically homogeneous tissue where large displacement discontinuities were observed) were removed by employing a 2 mm × 2 mm median filter.
Modulus estimation.
Finite-element representations of the gelatin phantoms were constructed by employing a two-dimensional (2D) finite-element meshes consisting of 6561 nodes and 12 800 triangular elements. Displacements at each coordinate within the reconstruction field of view was computed by solving the 2D partial differential equations governing the underlying quasi-static model, given by
where U is the nodal displacement vector which contains both the axial (u) and lateral (v) components of displacements (i.e., U ≡ {u
where N is the number of nodes in the finite element mesh), µ and λ are the Lamé constants and ∇ is the Del operator. The relationship between Lamé constants and Young's modulus (E) and Poisson's ratio (ν) is given by
The measured displacements were interpolated onto the coarse meshes by employing a bilinear interpolation function (MATLAB; The MathWorks, Inc. Natick, MA). Modulus elastograms were subsequently computed from displacement images by employing the UWLSE, WLSE, TK and GTK estimation criteria. Modulus priors, E(x, y) 0 , were synthesized from strain elastograms by employing a simple 2D Gaussian function,
where E b is an estimate of the mean modulus of the background tissue, A is the difference of the mean strain in the inclusion and the background tissue (i.e. A = E L -E B ) and σ is the radius of the tumour whose centre is located at x 0 , y 0 that was estimated by fitting a circle to the periphery of the inclusion in the corresponding strain elastograms. The constants E B and E L were derived from region of interests (ROIs) that were manually selected in the strain elastogram. Note that the radius of the inclusion (i.e., σ ) also represents a priori information that could potentially skew the performance of the generalized Tikhonov method. A diagonally dominate weighting matrix, W, a prerequisite for the WLSE, TK and GTK estimation criteria was constructed from estimates of the variance incurred during displacement estimation as follows where σ
is the variance incurred during displacement estimation, δ ij is the Kronecker delta, and i, j = 1, 2, . . . , N; where N is the number of nodes in the finite-element mesh. The variance incurred during displacement estimation, σ 2 ZZLB ij , was estimated by employing the theoretical framework described in Varghese and Ophir (1997) that takes proper accounts of the signal decorrelation, electronic noise, quantization errors and the signal-processing parameters when modelling the variance incurred during strain estimation.
To begin image reconstruction, an initial guess of the mechanical properties, E k , must be supplied to the iterative reconstruction procedure. In this study, an initial guess of 20 kPa was employed at the start of all image reconstructions. This initial guess was chosen to be representative of Young's modulus of healthy breast tissue . Spatial filtering was performed using a filtering weight of θ = 0.25 (Doyley et al 2000) when elastograms were computed by employing the ULSE and WLSE estimation criteria. The illconditioned Hessian matrix (i.e., the second term of equations (2) and (6)) was stabilized by employing the method described in Marquardt (1963) where the Hessian matrix is normalized using a diagonal matrix whose terms comprise the inverse square roots of the corresponding diagonal term of the Hessian matrix and adding a positive scalar to the diagonal of the scale matrix. This scalar was initialized to 10 at the start of all reconstructions, and was reduced by factors of 10 until the root mean squared (RMS) error between the measured and computed axial displacements at the current iteration was greater than that from the preceding iteration; in that event, the parameter was reinitialized to 10 and the iterative procedure resumed.
Spatial filtering was not performed in the Tikhonov inversion schemes (i.e., TK and GTK), but the optimum value of the regularization parameter was determined empirically to be 10 −8 . The iterative schemes typically converge to a stable solution after 25 to 30 iterations, such that consecutive updates were negligible. Therefore, all inversion schemes were terminated after 30 iterations. All computation was performed on a 64 Bit AMD Operton TM workstation (Xi Computers Corp.
TM , San Clemente, CA) that was operating at 2.4 GHz under the Linux operating system (Redhat enterprise; kernel version 2.4.21-4-smp). The average reconstruction time was approximately 2 min per iteration. 
Independent elastographic imaging.
The phantoms were carefully sectioned into very thin strips (∼3 mm thick) in the imaging plane before direct mechanical testing was performed point-by-point using a nano-indenter TM (Testworks Inc, Nashville, TN) which was equipped with a 2 mm diameter cylindrical punch. Nano-indenter modulus elastograms were obtained from each section by performing measurements over a 16 × 16 rectangular grid. All mechanical measurements were performed using strain rates of 1% s −1 .
Results
Effect of lesion size
To assess the effect of lesion size on the performance of the iterative inverse schemes, we evaluated the quality of modulus elastograms recovered from phantoms containing focal inclusions with diameters varying from 2 mm to 20 mm. phantoms. Figure 3(b) shows the corresponding a priori modulus elastograms synthesized from the strain elastograms presented in figure 3(a) . From the strain elastograms, we estimated that the inclusion was approximately twice as stiff as the surrounding material. It is apparent from the modulus images presented in figure 4 (i.e., the corresponding modulus images procured by employing the nano-indentation mechanical measurement technique) that the actual stiffness of the inclusions was noticeably higher-approximately ten times stiffer than the neighbouring gel. The discrepancy between the estimated and actual modulus contrasts reflects the incomplete contrast recovery of strain imaging. Figure 5 presents the corresponding modulus elastograms recovered by employing the four estimation criteria. Apparently, there was good spatial correlation between the modulus elastograms, more specifically, the tumour-like inclusions were discernible at the exact position, and the observed modulus contrasts were comparable; however, reconstruction artefacts (i.e., modulation of the recovered modulus and spurious Young's modulus estimates) were apparent in all reconstruction images, except those computed by employing the Bayesian estimation criterion.
The contrast-to-noise ratio (CNR e ) and the contrast transfer efficiency (CTE e ) metrics computed from modulus elastograms reconstructed with four different estimation criteria are presented in figures 6(a) and (b), respectively. The contrast-to-noise ratio achieved by employing the GTK estimation criterion was noticeably superior to that observed with the other estimation criterion. Similarly, the contrast transfer efficiency was noticeably superior when image reconstruction was performed within the GTK method. Figure 7 shows the modulation transfer functions (MTF) computed from modulus elastograms presented in figure 5(b) . Apparently, all inversion schemes appear to exhibit similar spatial resolution (i.e., 5 mm) under ideal elastographic measurement conditions.
Effect of structural decorrelation noise
To evaluate the robustness of model-based elastography, we conducted elastographic imaging on an elastically inhomogeneous gelatin phantom with increasing applied strains. Figure 8 shows representative examples of strain elastograms obtained from a phantom containing a 20 mm diameter cylindrical inclusion when elastographic imaging was performed using applied strains of 1.25% and 4%. The inclusion is discernible in the elastograms at the correct location; however, image quality degrades noticeably when elastographic imaging was performed with large applied strains.
(a) (b) Figure 8 . Strain elastograms obtained from a phantom that contained a single 20 mm diameter inclusion when elastographic imaging was performed using applied strain of (a) 1.25% and (b) 4%. Figure 9 shows the corresponding modulus elastograms recovered using four estimation criteria. Apparently, structural decorrelation noise (i.e., the dominant noise source incurred in ultrasonic elastography) has two apparent effects when image reconstruction is performed with insufficient a priori information; first, it often produces spurious modulus estimates; second, it can produce erroneous modulus elastograms. Note that model-based elastography is more resilient to structural decorrelation noise when reconstruction performed using the GTK estimation criterion-an expected outcome since the added a priori information will reduce the likelihood of the reconstruction procedure getting trapped in local minima. The contrast-to-noise ratio (CNR e ) and contrast transfer efficiency (CTE e ) performance metrics computed from the modulus elastograms presented in figure 9 are plotted as a function of the percentage applied strain in figure 10. Both performance metrics peaked when elastographic imaging was performed using a total applied strain of 2%, and degraded noticeably when the applied strain exceeded 2%.
Discussion
Developing quasi-static elastography within the framework of solving inverse problems is widely regarded as a desirable goal for ultrasonic elastography. The rationale being that this should overcome problems (i.e., incomplete contrast-transfer efficiency (CTE e ) and mechanical artefacts) incurred when strain elastograms are interpreted as modulus elastograms based on the assumption of stress uniformity. Though appealing, developing practical inverse reconstruction methods continues to remain an elusive goal owing to the ill-posed nature of the inverse elasticity problem. In this work, we argue that inducing additional a priori information in the image reconstruction problem will overcome problems incurred when solving the illposed inverse elasticity problem, thus making model-based elastography a clinically viable technique.
A priori information can take several forms including information regarding the mechanical properties of the underlying tissue structures, the variance incurred during displacement estimation, internal tissue boundaries, the smoothness of the reconstructed parameters, etc. From this list of possible source of a priori information, smoothness is the most widely employed. Imposing smoothing constraints on the modulus image reconstruction process has produced encouraging results; however, the smoothness of the reconstructed parameter does not constrain reconstruction process sufficiently enough to render the illposed inverse elasticity problem a well-posed problem. The results reported in this paper demonstrate convincingly that this goal (i.e., transforming the ill-posed elasticity problem to a well-posed problem) can be realized by constraining the modulus image reconstruction process based on additional a priori information. While the reported phantom results pertain only to iterative approach to modulus estimation, we envisaged that extending this concept to the direct inversion approach should prove fruitful.
To summarize our current findings, figure 5 demonstrates that focal lesions as small as 2 mm in diameter can be detected using all inversion approaches; however, reconstruction artefacts (i.e., local fluctuation of the recovered parameters) and spurious modulus estimates are generally incurred when image reconstruction is performed using the standard least-squares and the weighted least-squares estimation criteria-peculiarities of solving the ill-posed problem without sufficient a priori information. This observation supports the theoretical results discussed in Barbone and Bamber (2002) that demonstrated that although solving the inverse problem will minimize artefacts incurred when strain elastograms are interpreted as modulus elastograms based on the assumption of stress uniformity, reconstructing modulus elastograms with insufficient information can in itself produce misleading results. Figure 5 demonstrates that incorporating additional a priori information in the image reconstruction process via the generalized Tikhonov estimation approach should reduce reconstruction noise. Figure 6 demonstrates that including additional a priori information in the image reconstruction process will produce a marked improvement in both the contrast-to-noise ratio (CNR e ) and contrast transfer efficiency (CTE e ) of the ensuing modulus elastograms relative to modulus elastograms computed with the other inversions scheme (i.e., UWLSE, WLSE and TK); however, it is apparent that introducing a priori information pertaining to the mechanical properties of the underlying tissue and/or the variance incurred during displacement estimation will not improve the spatial resolution of the ensuing elastograms (figure 7). We estimate that the physical spatial resolution of modulus elastography is approximately 5 mm-approximately twice that reported for strain elastograms (Liu et al 2004 , Righetti et al 2002 . Consequently, we are currently developing methods to incorporate geometric constraints on the GTK inversion scheme in order to achieve the same spatial resolution as standard quasi-static elastography. Figure 9 demonstrates that weighting the reconstruction process residually-here based on an estimate of the variance incurred during displacement estimation, will render the image reconstruction process less sensitive decorrelation noise-a favourable attribute that is crucial for successful clinical deployment of model-based elastography. Note that the un-weighted least-squares estimation scheme produced erroneous modulus elastograms when structural decorrelation noise is significant; however, reasonable modulus elastograms were produced even in the extreme cases where the inclusion is barely discernible in strain elastogram ( figure 8(b) ) when additional a priori information was included in the reconstruction process, thus demonstrating the robustness of generalized Tikhonov estimation criterion.
Limitations of the new inversion scheme
A major limitation of the proposed reconstruction approach is the simplicity of model employed to construct a priori modulus elastograms from strain elastograms that assume the inclusion is circular, and modulus distribution varies continuously across the inclusionbackground interface that is surely not true for tumours with very distinct boundaries like fibroadenoma; therefore, we plan to conduct additional studies to establish the implication, if any, of synthesizing a priori modulus elastograms by simply inverting strain elastograms based on the assumption of stress uniformity as described in Doyley et al (2005) . The outcome of this investigation will be the subject of a future communication. A further limitation of this study is that all image reconstructions were performed on the basis of the assumption that the tissue under investigation is elastically homogeneous; therefore, additional studies will be performed to assess the performance of the generalized Tikhonov reconstruction approach when the a priori modulus elastograms are employed as the trial solution. We anticipate that this will not only improve image quality but will substantially improve the computation efficiency of the reconstruction process (i.e., requiring only a few iterations to converge to the global minimum).
Conclusions
Incorporating a priori information (i.e., an estimate of the mechanical properties of the underlying tissue structures, and the displacement measurement uncertainty) will enhance the robustness of model-based elastography, particularly in the cases where structural decorrelation noise is significant.
